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The human intestine is densely populated by a microbial consortium whose metabolic activities are influenced by, among others, bifidobacteria. However, the genetic basis of adaptation of bifidobacteria to the human gut is poorly understood. Analysis of the 2,214,650-bp genome of Bifidobacterium bifidum PRL2010, a strain isolated from infant stool, revealed a nutrient-acquisition strategy that targets host-derived glycans, such as those present in mucin. Proteome and transcriptome profiling revealed a set of chromosomal loci responsible for mucin metabolism that appear to be under common transcriptional control and with predicted functions that allow degradation of various O-linked glycans in mucin. Conservation of the latter gene clusters in various B. bifidum strains supports the notion that host-derived glycan catabolism is an important colonization factor for B. bifidum with concomitant impact on intestinal microbiota ecology. coevolution | genomics | host-glycans metabolism | human gut intestinal bacteria | mucin B ifidobacteria are one of the dominant bacterial groups found in the intestinal microbiota of infants (1) . The intestinal microbiota has been compared with a metabolic organ, extracting energy from dietary components that otherwise would escape metabolism (2) . For this purpose the intestinal microbiota produces various glycolytic enzymes to ferment otherwise indigestible glycans into short-chain fatty acids that in turn are used by the host (3) . The molecular strategies used by members of the intestinal microbiota to harvest and degrade complex glycans are important for understanding the genetic and associated metabolic properties that underpin ecological fitness in and adaptation to the human intestinal environment. Apart from dietary components, host-derived glycans are believed to constitute a nutrient resource for (certain) members of the intestinal microbiota (3) and thus may influence the composition and activities of this complex microbial consortium. Indeed, in the absence of dietary nutrients colonization of the intestinal microorganism Bacteroides thetaiotaomicron is reliant on host-derived glycans, which it metabolizes by means of polysaccharide utilization loci (4) , showing that under such circumstances endogenous carbohydrates influence the composition of the intestinal microbiota (3) . Recently, another constituent of human gut microbiota, Akkermansia muciniphila, was identified as an important mucin degrader (5, 6) , but little is known regarding the genetic elements required for this property.
Breast-fed infants develop an enteric microbiota that typically contains high levels of bifidobacteria (1, 7) in which species like Bifidobacterium bifidum are abundant (8) . The ability of B. bifidum to grow on mucin has been noted previously (9) , and this organism also possesses a metabolic pathway for the degradation of lacto-N-biose and galacto-N-biose (10, 11) , which constitute the building blocks of human milk oligosaccharides (HMO) and the core 1 structure of mucin-type O-glycan, respectively (12) . However, information on the molecular mechanisms governing the complete metabolism of these glycans by bifidobacteria is limited, and B. bifidum, Bifidobacterium longum subsp. infantis (13), and B. thetaiotaomicron (14) thus may serve as models for studying the interaction between members of the intestinal microbiota and the host mucosa to uncover host features that determine intestinal colonization.
Genome sequences of various commensal bifidobacteria are publicly available (13, (15) (16) (17) (18) , and such sequences will be crucial in unraveling the intricate interactions that must exist between host and its resident (bifido)bacteria. Here, we report on the genome analysis of B. bifidum PRL2010, revealing putative metabolic traits that underpin this case of host-microbe coevolution.
Results and Discussion
General Genome Features of B. bifidum PRL2010. The chromosome of B. bifidum PRL2010 consists of 2,214,650 bp, with a guanine and cytosine (G+C) content of 62.66%, higher than that of other bifidobacterial genomes (13, (15) (16) (17) (18) although still within the typical range of Actinobacteria (19) . Genome features are presented in Table S1 ; functional distribution of gene products assigned to clusters of orthologous groups (COGs) of proteins is typical of that of a bifidobacterial genome, and functional roles were assigned to 67.5% of the predicted ORFs. Homologs from other bacterial species with unknown function were identified for an additional 23.4% of the B. bifidum PRL2010 ORFs; the remaining 9.1% appears to be unique to B. bifidum, considerably higher than in other bifidobacterial genomes (13, (15) (16) (17) (18) . Not surprisingly, the PRL2010 genome is very similar (96% at the nucleotide level) to the partially sequenced B. bifidum NCIMB 41171 (National Center for Biotechnology Information, NZ_ABQP00000000). The B. bifidum PRL2010 genome also is quite similar (89% at the nucleotide level) to that of B. longum subsp. infantis ATCC15697 (13) . B. bifidum PRL2010 and B. longum subsp. infantis ATCC15697 belong to two distinct phylogenetic clusters, and their similarity may reflect their sharing a common ecological niche (19) . A large proportion (36%) of genes common to both B. bifidum genomes but absent in other bifidobacteria can be assigned to the COG family of carbohydrate metabolism and transport, including genes predicted to be involved in mucin metabolism (as discussed below). To investigate the phylogenetic position of B. bifidum PRL2010 within the genus Bifidobacterium (19) and for comparison with other members of the human intestinal microbiota, a BLAST heatmap based on the nonredundant BLAST database of currently available genome sequences of bifidobacteria and human gut microbial genomes (http://ncbi.nlm.nih.gov) (20, 21) was produced. The organism distribution at species level was determined for each predicted ORF, and corresponding similarity values were grouped into predefined ranges ( Fig. S1 A and B) . Not surprisingly, the most intense heat flare, which corresponds to DNA regions of the genome against which PRL2010 was paired, was obtained from the comparison with B. bifidum NCIMB 41171. A second dominant flare was detected from the comparative analysis with the B. longum subsp. infantis genome (Fig. S1A ). In contrast, fewer and less intense heat flares were observed in the heatmap produced using information from the available sequence information of human gut microbiome projects ( Fig. S1B ). Notably, the majority of the BLAST hits had E-values ranging between 10 −10 and 10 −50 ( Fig. S1B ), suggesting an ancient diversification and/or substantial gene loss/gain during evolution of the B. bifidum taxa. Apart from the genes that predict the ability of B. bifidum PRL2010 to use mucin (discussed below), there is genomic evidence for other interactions between B. bifidum PRL2010 and its human host, such as the putative adhesion factor BBPR_0612 possessing 98% identity to BopA from B. bifidum MIMBb75 (22) ( Fig. S2B ). Analysis of the B. bifidum PRL2010 genome identified four additional loci encoding proteins with domains related to adhesion and host colonization ( Fig. S2 ); three of these loci encode pilus-like structures, which may have a role in bacterial adhesion to intestinal mucus (23) .
Basic Metabolism. Homologs of all enzymes necessary for the fermentation of glucose and fructose to lactic acid and acetate by means of the characteristic fructose-6-phosphate shunt (bifid shunt), as well as a partial Embden-Meyerhoff pathway (24) , were annotated in the genome of B. bifidum PRL2010, which appears to be typical of bifidobacteria. Carbon metabolism has been characterized quite extensively in bifidobacteria (25), but the provision and utilization of nitrogen by bifidobacteria has received much less scientific scrutiny. Inorganic nitrogen is likely to be the preferred nitrogen source for most bifidobacteria, because ammonium is predicted to be imported by a dedicated transporter (BBPR_1693), homologs of which are present in all sequenced bifidobacterial genomes. Moreover, B. bifidum PRL2010 may use deamination of N-acetylglucosamine and N-acetylgalactosamine present in mucin or other human-or diet-derived hexosamines (e.g., HMOs), or it may use peptide degradation by dedicated peptidases, for which encoding genes are present in abundance on its genome (2.06% of the total ORFs).
The genome of B. bifidum PRL2010 contains 20 complete ATPbinding cassette (ABC) transporters predicted to be involved in the transport of dietary carbohydrates on the basis of the transporter classification (TC) database (26) and four complete phosphoenolpyruvate-phosphotransferase systems, a smaller and larger number, respectively, than in most other characterized bifidobacterial genomes. A much larger proportion of the ABC transporters is dedicated to efflux than to uptake.
Similar to other bifidobacterial genomes, complete biosynthetic pathways for purines and pyrimidines from glutamine, as well as for riboflavin, thiamine, and folate, were identified; no homologs were present for complete pathways of other B vitamins (13, (15) (16) (17) (18) .
Analysis of the B. bifidum PRL2010 genome revealed the presence of conventional mobilome candidates that may have been acquired through horizontal gene transfer (details are given in SI Text and Fig. S1C ) and may provide important ecological advantages and also influence chromosome structure (19) .
Mucin Utilization by Bifidobacteria. The fermentation ability of B. bifidum PRL2010 seems to be limited to a relatively small number of carbohydrate sources but does include complex sugars such as HMO and mucin ( Fig. S3A ). Although a large selection of representative strains for many species of the genus Bifidobacterium was used to evaluate their ability to use mucin as a sole carbon source (19) , only strains belonging to the B. bifidum species were capable of growing on mucin-based medium (Fig. S3B ). No major differences in growth on mucin-based medium were evident among the B. bifidum isolates, although strains 85B and L22 exhibited the least and strain PRL2010 exhibited the best growth on mucin ( Fig. S3B ). Therefore strain PRL2010 was selected as a model to study mucin metabolism in Bifidobacterium.
Genomics of Host-Glycan Utilization. Mucus functions as a protective, semipermeable barrier located on the epithelial surfaces of the gastrointestinal tract, where it provides critical functions supporting the health status of the host. The mucus layer also constitutes an important site for adhesion and colonization of gut bacteria, especially in the outer, loose mucus layer (27) , as well as a rich nutritional reservoir of carbohydrates for enteric bacteria and a barrier against the penetration of pathogens to gut epithelial surfaces (27) . Mucin consists of glycoprotein components with a peptide structure that contains alternating O-linked glycosylated and N-linked glycosylated domains. N-glycans consist of oligosaccharides usually connected through an N-acetylglucosamine (GlcNAc) linkage to asparagine, whereas O-linked oligosaccharides can be variously attached to serine or threonine through fucose, glucose, mannose, xylose, fucose, arabinose, and other sugars, including the most commonly detected mucin-type O-linked N-acetylgalactosamine (GalNAc) (12) . The principal constituent mucin monosaccharides, GlcNAc, GalNAc, and galactose, often are decorated with fucose, sialic acid, and sulfate groups (28) . Given the diversity and complexity of mucin structures found within the gut (12, 29) , specific strategies for deconstructing these molecules must be inherent features in the genomes of mucinusing bacteria. The B. bifidum PRL2010 genome encodes various glycosyl hydrolases putatively implicated in degradation of mucinderived oligosaccharides, including a predicted cell wall-anchored endo-α-N-acetylgalactosaminidase (BBPR_0264), an enzyme that has been shown previously to catalyze the hydrolysis of the O-glycosidic α-linkage between GalNAc and serine/threonine residues of various mucin-type glycoproteins (30) (31) (32) . Moreover, the genome of B. bifidum PRL2010 encodes a putative 1,2-α-Lfucosidase (BBPR_0193), as well as a predicted 1,3/4-α-L-fucosidase (BBPR_1360), which releases various α-linked L-fucoses from the oligosaccharide core of the mucin structure (33) (34) (35) . Both fucosidases contain a signal peptide, but only BBPR_0193 contains an LPXTG motif, suggesting that this enzyme is secreted and anchored to the cell wall, whereas the presumed fucosidase encoded by BBPR_1360 contains two transmembrane domains, indicating that it is bound to the cell membrane. Additional glycosyl hydrolases involved in the breakdown of mucin-derived oligosaccharides were detected in the predicted proteome of B. bifidum PRL2010, including four putative N-acetyl-β-hexosaminidases (BBPR_0026, BBPR_1018, BBPR_1514, and BBPR_1529), four predicted β-galactosidases (BBPR_150, BBPR_0482, BBPR_1355, and BBPR_ 1460), and two putative exo-α-sialidases (BBPR_1793 and BBPR_ 1794) scattered across the PRL2010 chromosome. Interestingly, homologs of two putative N-acetyl-β-hexosaminidases (BBPR_1018 and BBPR_1529), as well as a predicted β-galactosidase (BBPR_ 0482) of B. bifidum JCM1254, are involved in the degradation of lacto-N-neotetraose (Galβ1-4GlcNAcβ1-3Galβ1-4Glc) present in the core structures of HMOs as well as in core 2 mucin-type O-glycans (36) . Notably, and similar to what was described for their homologs (36) , the galactosidase (BBPR_0482) and both N-acetylβ-hexosaminidases (BBPR_1018 and BBPR_1529) possess an Nterminal signal sequence and a C-terminal transmembrane region, suggesting that they act as extracellular membrane-bound enzymes. In contrast, the two other putative N-acetyl-β-hexosaminidases (BBPR_0026 and BBPR_1514) are predicted to represent intracellular proteins. Moreover, apart from this glycolytic potential, the molecular basis for transmembrane import of mucin-derived oligosaccharides is evident from various ABC transport systems whose corresponding genes are located in the vicinity of each of the above-mentioned genes. Only B. bifidum and B. longum subsp. infantis species are known to be capable of degrading galacto-N- Fig. 1 . B. bifidum PRL2010 metabolism of the major core types of mucin O-glycans (39) . (A) Predicted target sites of various enzymes involved in the degradation of major core 1 and 2 O-glycans. Ser, serine; Thr, threonine. (B) Schematic representation of a cell and metabolic pathways for mucin-derived oligo-and monosaccharides. Carbohydrates derived from mucin are internalized by ABC transporters (shown in blue), PTS systems (shown in violet), and a symporter (depicted in red), after which glycosyl hydrolases process such oligosaccharides to monosaccharides. The different ORFs of B. bifidum PRL2010 encoding the presumed enzymes involved in the breakdown of O-glycans are indicated (see Table S2 for details about function). Nomenclature was taken from www.functionalglycomics.org. UDP-MurNAC, uridine diphosphate-N-acetylmuramic acid.
tetraose (Gal β1,3GalNAc β1,3Galβ1,4GlcNAc, GNT), which constitutes a common mucin oligosaccharide structure present in extended core 2 mucin-type O-glycans (29) and lacto-N-tetraose (Galβ1-3GlcNAcβ1-3Galβ1-4Glc), which forms the core component of HMO, via galacto-N-biose (Galβ1-3GalNAc, GNB) or lacto-N-biose (Galβ1-3GlcNAc, LNB) intermediates, respectively (11) . A clear homolog of the operon that is responsible for GNB/ LNB utilization in B. longum JCM1217 (10, 11, 37, 38) is present on the genome of B. bifidum PRL2010 (BBPR_1050-BBPR_1058) ( Fig. 1, Table S2 , and Fig. S4 ). This locus encodes a putative ABCtype oligosaccharide uptake system (BBPR_1056-BBPR_1058), whereas the adjacent gene (BBPR_1055) is a clear homolog of lnpA previously shown to be involved in the breakdown of disaccharides such as LNB and GNB (37) . This observation suggests a specific LNB-utilization pathway for B. bifidum that is different from that found in B. longum subsp. infantis ATCC15697 (13), in which B. bifidum PRL2010 acquires mucin-or HMO-associated LNB/GNB by extracellular enzymes [such as 1,2-α-L-fucosidase (BBPR_0193) and α-1,3/4-fucosidase (BBPR_1360)] that catalyze defucosylation of LNB/GNB-containing oligosaccharides/O-glycans to facilitate further degradation by the action of a lacto-N-biosidase (BBPR_ 1438), endo-α-N-acetylgalactosaminidase (BBPR_0264), and perhaps other enzymes (11, 39) . This finding confirms the idea of two converging metabolic strategies for the utilization of both mucin and HMOs by this bacterium, as was proposed previously (11) .
To determine the phylogenetic distribution of the presumed genetic determinants for mucin degradation, genome variability was investigated by comparative genome hybridization (CGH) using B. bifidum PRL2010-based microarrays (Fig. 2, and SI  Text) . Interestingly, the presumed mucin-utilization genes were shown to be conserved within the B. bifidum taxon, thus generalizing the current understanding of mucin metabolism in this human-associated species (Fig. 2 ). This notion also is supported by the mucin-dependent growth profiles shown in Fig. S3B . Interestingly, the absence of two genes encoding a putative carbohydrate transporter (BBPR_1056) and a predicted fucosidase (BBPR_0193) seems to be linked to strains that exhibit reduced growth on mucin-containing media (Fig. 2 and Fig. S3 ).
Proteome and Transcriptome Analyses of B. bifidum PRL2010 and
Adaptation to Mucin Utilization. To substantiate the notion that B. bifidum PRL2010 contains specific genes dedicated to the utilization of mucin, we first investigated the proteome of B. bifidum PRL2010 grown in the presence of mucin or HMO as its sole carbon source and compared these results with data obtained when the strain was grown on lactose. Notably, five categories of enzymes were expressed specifically in cells grown on mucin relative to lactose. These proteins are assumed to possess amino sugar catabolic functions, and among such mucin-induced proteins we identified a variety of glycosyl hydrolases (Fig. S5 and Table  S3 ). As expected, the expression levels of the proteins constituting the LNB pathway of B. bifidum PRL2010 were higher when cells were cultivated on mucin and HMOs than when grown on lactose (Table S3 ). The expression of various proteins implicated in ABCtype sugar transport and phosphotransferase (PTS) systems with predicted specificity for N-acetylglucosamine (BBPR_0240), glucose (BBPR_0239), and a possible PTS system for lactose/cellobiose uptake (BBPR_0030) was clearly induced when B. bifidum PRL2010 was cultivated in mucin-based medium, perhaps because the substrates for these PTS systems become available during mucin degradation and act as inducers. Furthermore, various predicted aminopeptidases, which may be involved in the proteolysis of the proteinaceous component of mucin, also exhibited increased expression (Table S3 ).
To expand our understanding of the genetic adaptation of B. bifidum PRL2010 to mucin utilization, we compared the transcriptome of B. bifidum PRL2010 grown on mucin with that of B. bifidum PRL2010 grown on lactose. (The complete list of genes whose expression pattern was altered following cultivation of B. bifidum PRL2010 on mucin is presented in Fig. S5 and Table S4 .) In total, 56 genes displayed increased (more than fivefold) expression when PRL2010 was cultured in the presence of mucin as the sole carbon source, and a portion of these mucininduced genes also had been identified from the proteomics analysis (Fig. S5 ). Transcriptional profiling allowed identification of several mucin-induced genes encoding secreted or cell envelopeassociated enzymes that had not been identified from the mucindependent B. bifidum PRL2010 proteome. In this way, PRL2010 transcriptome profiling identified the following mucin-induced genes that encode extracellular proteins: BBPR_1793 and BBPR_1794, both encoding putative exo-α-sialidases, and BBPR_0193 and BBPR_1360, which specify the 1,2-α-L-fucosidase and 1,3/4-α-Lfucosidase (Table S4 ). Other genes whose transcription was induced on mucin included sugar transport-encoding genes such as PTS systems (e.g., the locus spanning BBRP_0030-BBRP_0032) and ABC-type carriers (e.g., BBRP_1058) and specific permeases (e.g., the fucose permease encoded by BBRP_0561) for the intake of mucin-derived carbohydrates (Table S4 ). In addition, the transcription levels of two genes, BBRP_0025 and BBRP_1300, which encode predicted extracellular enzymes α-L-arabinofuranosidase and α-1,3-galactosidase, respectively, were shown to be more than 50fold higher when grown in mucin than when grown in lactose (Table  S4) . Notably, arabinose is part of a specific type of O-linked glycan in which the monosaccharide is linked to the hydroxyl of the amino acid residue (40) ; thus the α-L-arabinofuranosidase may be involved in the liberation of arabinose from such an O-linked glycan, and the α-1,3-galactosidase may be active in the hydrolysis of terminal α-galactosyl moieties from glycoproteins (41) . Furthermore, the transcription of three genes encoding putative transcriptional regulators (BBRP_0228, BBRP_0563, and BBRP_0984) ( Table S4 ) was enhanced when B. bifidum PRL2010 was grown on mucin, suggesting roles for these proteins in the regulation of mucin utilization. Interestingly, bioinformatic analysis of the putative promoter regions located upstream of the genes of B. bifidum PRL2010, whose level of transcription was significantly higher when grown on mucin, revealed the presence of a conserved 24-bp inverted repeat in many such promoter regions ( Fig. S6 and Table S4 ). This inverted repeat may represent a regulatory element involved in global control of mucin-dependent transcription in PRL2010.
To investigate if the porcine mucin used in the above in vitro experiments elicits a response similar to that of human mucin, we evaluated host gene expression using two human intestinal cell lines (Caco-2 and HT-29) exposed to B. bifidum PRL2010 ( Fig. S5 E and F and SI Text). When we looked at genes involved in regulating host glycan synthesis, we observed a fourfold (P < 0.014) increase in the expression of UDP-GlcNAc:βGal-β-1,3-N-acetylglucosainyltransferase5 (B3GNT5) (Fig. S5F) . The product of this gene plays a key role in the synthesis of lacto-or neolacto-series carbohydrate chains on glycoconjugates, notably participating in the biosynthesis of Lewis X carbohydrate structures (42) . B3GNT5 catalyses the formation of the Lc3 structure, which is the core of the lacto-series and promotes GlcNAc transfer to glycoconjugate substrates. These glycan structures can provide adhesion sites for bacteria and hence may be important for attachment and signaling responses to colonizing PRL2010 bacteria.
Conclusions
Several ecological studies have shown that bifidobacteria are a dominant bacterial group of the infant microbiota as well as a key component of the adult-type intestinal microbiota (8, 43) . It is believed that bifidobacteria are well adapted to maximize metabolic access to a wide variety of diet-derived and/or hostderived sugars (15) (16) (17) . The host-derived glycans act not only as an energy source but also as attachment sites for adhesion proteins produced by commensal and pathogenic bacteria (23) . The binding specificities of such lectins may allow host-dependent selection of commensal gut microorganisms, although the mechanisms and effects of microbiota association with host glycans are not well understood. Bacteria belonging to various genera, including bifidobacteria, have been shown to degrade mucin (5, 44), although the metabolic and regulatory machinery responsible for mucin utilization by bifidobacteria has remained elusive so far (9) . A thorough understanding of how mucin foraging contributes to bifidobacterial colonization and persistence is contingent on the ability to deconstruct the complex gut ecosystem and to decipher the contributions and activities of its component parts. Thus, the investigation of host glycan metabolism by B. bifidum PRL2010 provides a salient property to test their impact on colonization and succession. Although our findings are based to a considerable degree on in silico analyses rather than on the biochemical characterization of every enzyme involved in mucin utilization, we nevertheless have gathered sufficient evidence that proves the existence of specific B. bifidum strategies for the utilization of host glycans (e.g., using enzymes that remove sialic acid and fucose moieties from GNB and its extended derivatives present in various mucin O-glycans) (10, 29) . The O-glycan structures present in mucin are diverse and complex and consist predominantly of core 1-4 mucin-type O-glycans. The enzymatic activities identified in B. bifidum PRL2010 are expected to allow degradation of many core 1 and 2 O-glycans and possibly core 3 and 4 O-glycans ( Fig. 1A) . Such O-glycans, especially if they are elongated and/or branched, may require the initial removal of terminal fucose and sialic acid residues by 1,2-α-L-fucosidase and 1,3/4-α-L-fucosidase and exo-α-sialidases and subsequent processing by the extracellular β-galactosidase and one or more of the extracellular β-Nacetylhexosaminidases before the endo-α-N-acetylgalactosaminidase can liberate GNB from its connected mucin glycoprotein ( Fig.  1) (30) . Once released, GNB and other degradation products are translocated across the cell membrane for further hydrolysis, phosphorylation, isomerization, and/or deacetylation and deamination. The resulting monosaccharides then feed into the central fructose-6-phosphate phosphoketolase pathway to generate ATP (37) . Genome analyses indicate that B. bifidum PRL2010 encodes the enzymes necessary for the breakdown of the four main core structures of mucin O-glycans (39) and may be capable of degrading the highly complex extended derivatives of these core structures as identified in human colonic mucin (29) . Notably, the carbohydrate core structure of mucin is similar to that of certain other human-derived glycans such as HMOs (45); thus common enzymatic pathways may be required for their degradation, a notion that is consistent with the results obtained from our proteomic analyses.
The present study provides a firm basis from which we can define further the factors that shape microbial ecology in health and disease and that influence interactions between microbiota and host. Arguably, mucin consumption by a specialized intestinal subpopulation of the microbiota may represent a means to enhance mucin production by the infant host (46) . Thus, the relationship of B. bifidum and host-produced mucin constitutes an intriguing example of coevolution which should be taken into consideration in future studies of the infant intestinal microbiome.
Materials and Methods
Bacteria. B. bifidum PRL2010 was isolated from a fecal sample from a 3-moold, breast-fed, healthy infant. Further details can be found in SI Text.
Carbohydrate Growth Assays. Cell growth on semisynthetic de Man-Rogosa-Sharpe (MRS) medium supplemented with 1% (wt/vol) of a particular sugar was monitored at OD 600 using a plate reader (Biotek). Further details are given in SI Text.
Genome Sequencing and Bioinformatics Analyses. The genome sequence of B. bifidum PRL2010 was determined by shotgun Sanger sequencing combined with pyrosequencing on a 454 FLX instrument (Roche) followed by assembly and gap closure (performed by Agencourt Genomic Services). The PRL2010 genome was sequenced to ≈25-fold coverage and assembled with Phred and Phrap incorporated in the Staden package (http://staden.sourceforge.net/). Automated gene modeling was achieved using multiple data-
